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A framework for evaluation of leaching from soils and wastes has been presented earlier (see van der Sloot, et al). 
The specific objectives of this talk will be to (i) describe specific testing protocols and interpretation approaches 
for estimating the leaching behavior of pollutants from solid wastes and (ii) show how the integrated use of 
equilibrium and mass transfer leach tests in conjunction with appropriate mass transfer models can provide more 
realistic release estimates for both direct comparison of different treatment processes under diverse potential 
environmental conditions (e.g., over a range of field pHs) and impact from different management scenarios.  This 
approach has potential for use to estimate long-term environmental impacts from leaching and to compare the 
efficacy of waste treatment processes. 
 
We will discuss arsenic solubility as a function of pH and low liquid-to-solid ratio and arsenic release rate 
information of (i) a soil contaminated with arsenic from a pesticide production facility (“untreated As soil”) and, 
(ii) the same soil subsequently treated by a Portland cement stabilization/solidification process (“S/S treated As 
soil”).  As an example, we will provide and compare long-term arsenic release estimate (100-year time frame) for 
different management scenarios (disposal under percolation and flow-around contact mode) including 
consideration of local conditions (e.g., infiltration and site-specific design). 
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Objectives

• Describe testing and interpretation protocols

• Show how the approach can be used for long-term 
release estimates

− Impact from different management scenarios

− Comparison to treatment processes

• Show that determination of fundamental properties 
leads to more realistic long-term release estimates



General approach
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Waste matrices

• Untreated As soil

• S/S treated As soil
− Stabilization/Solidification (S/S) with cement Portland
− Treatment recipe
§ Ordinary Portland Cement 22.2 wt%
§ Untreated As soil 54.6 wt%
§ Water 22.2 wt%

− Treatment was not optimized
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Fundamental leaching parameters

• Total content

• Constituent Availability
• Acid neutralization capacity of the waste
• Liquid-solid equilibrium solubility f(pH), f(LS)

• Constituent release rates

Intrinsic waste characteristics used to estimate 
release for a variety of management scenarios

Digestion or non-destructive techniques
(XRF, neutron activation analysis)

Equilibrium-based 
leaching tests

Mass transfer-based leaching tests



Availability
Availability at pH 4.0 and 8.0 (RU-AV001.1)

• 2 parallel extractions
• HNO3 or KOH solution to 

provide final pH
− 4.0± 0.2

− 8.0± 0.2

• Size reduced material
• Contact time based on size
• LS ratio: 100 mL/g dry

] Constituent availability

Contact timeParticle size

14 days< 5 mm

7 days< 2 mm

24 hr< 300 µm



Arsenic availability
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Equilibrium characterization
Solubility and Release as a function of pH (RU-SR002.1)

• 11 parallel solubility extractions
• DI with HNO3 or KOH addition
• Size reduced material
• Contact time based on size
• LS ratio: 10 mL/g dry
• Endpoint pH

− Distributed 3�pH�12

] Titration curve and constituent solubility curve

Contact timeParticle size

14 days< 5 mm

7 days< 2 mm

24 hr< 300 µm



Arsenic solubility as a function of pH

Untreated As soil
S/S treated As soil

RU-SR002.1 
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Mass transfer rate characterization 
(RU-MT00x.0)

• Two protocols
− Monolithic (RU-MT001.0)
− Compact granular (RU-MT002.0)

• DI water
• Liquid-surface area ratio

− 10 cm3/cm2

• Refresh on a 2n progression
− 3, 6, 12 hr, 1, 2, 4, 8 days, …

GranularMonolithic GranularMonolithic

] Cumulative release as a function of time



Arsenic release rates

Cumulative release Flux
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Release scenario: Percolation

Seepage Basins

V

Sx

] Local equilibrium at field pH is rate limiting

Scenario characteristics

- Granular or highly permeable material
- Low infiltration rate 

- Low liquid-solid ratios [mL/g]

Site information

- Infiltration rate  Inf
- Fill density 

- Fill geometry     H

- Field pH

ρ



• Anticipated site specific LS ratio [L/kg dry]

• Mass release estimate [mg/kg dry]

Percolation-controlled estimates

Inf

Sx @ surface

Solubility at field pH
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Example: 100-year arsenic release estimates 
from the untreated As soil

• Site information
− Infiltration rate: 20 cm/yr
− Fill density: 1.2 g/cm3

− Fill geometry: H=1m

• From testing
− Natural pH: 6.3

− = 70 mg/L

• Release interval: 100 years
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] = 1175 mg/kg (Ca. 6% of total content)

xS

100 years M
LSSite



Release scenario: Flow-around

Csat

Cs≈0

Roadbase material

] Mass transport within solid matrix is rate limiting

Scenario characteristics

- Low permeability material
- High infiltration rate 

- High liquid-surface area ratios

Site information

- Fill density
- Fill geometry       ,

- Fill porosity

Va
S



• Diffusion model
− Mass release estimate [mg/kg dry]

• Other models
− Coupled dissolution-diffusion model

Flow-around controlled estimates
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Example: 100-year arsenic release estimates 
from the untreated As soil

• Site information
− Fill density: 1.2 g/cm3

− Fill geometry:     = 6 m2, V = 1m3

• From testing
− Dobs =  1.8 *10 -15 m2/s

• Release interval: 100 years

] =   325 mg/kg (Ca. 1.6 % of total content)100 years M
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100-year arsenic release estimates 
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Conclusions

• Reduced long-term liability
− Comparison of estimated release for a variety of 

management scenarios
− Consideration of site specific conditions

− Decisions based on realistic estimates of constituent 
leaching 

• Reduced waste management costs while maintaining 
environmental protection

− Enhanced treatment process performance based on relevant 
environmental criteria

− Greater flexibility and more appropriate options for waste
management


